Sampling design 155
We sampled a set of stands representing a replicated chronosequence (with stands of age 34, 98, 156 146, and 210 years since last stand replacing fire) and of diverse overstorey composition 157 (Brassard and Chen 2008). Fire-origin stands in the region can be dominated by conifers, 158 broadleaved trees, or a mixture (Taylor and Chen 2011): in so far as possible we sampled all 159 three overstorey stand types for each age class, with three replicates for each. All combinations 160 of age class and overstorey type were sampled, with the exception of a 146-year-old stand that 161 did not have road access, resulting in a total of 35 sampled stands. All selected stands were 162 D r a f t 9 located on mesic sites at flat or mid-slope positions, with no slope exceeding 5%. Soil parent 163 material consisted of well-drained (sandy or silty loam) glacial moraines, >50 cm in thickness. 164
Data collection 165
Sampling was conducted in a 400-m 2 circular plot randomly selected in each stand. Logs ≥ 10 cm 166 in diameter at midpoint within each plot were randomly selected and decay class recorded. We 167 assigned each selected CWD piece (downed woody debris on forest floor only) to one of five 168 decay class categories, following the field manual of BC Ministry of Forests and Range and BC 169
Ministry of Environment (2010). Categorization was based on CWD contact with the ground, 170 wood texture, presence or absence of branches, wood strength, bark intactness, and presence and 171 depth of invading roots. The characteristics of decay class 1 were logs elevated from ground, 172 bark or branches hard and intact, and no invading roots present; those of decay class 2 included 173 logs elevated but slightly sagging, presence of sap rot so that a thumbnail can penetrate, loose 174 bark and soft branches with no invading roots; those of decay class 3 included logs sagging or 175 broken, advanced decay (spongy/large pieces) with trace bark, no branches, and invading roots 176 present in sapwood; those of decay class 4 included logs fully settled on ground, extensive decay 177 (crumbly-mushy), bark and branches absent, and invading roots present in heartwood; and those 178 in decay class 5 included small pieces and soft portions, bark and branches absent, and invading 179 roots present in heartwood. Morphological characteristics as defined by Brassard and Chen 180 exceptions, all plants were identified to species; we omitted minute liverwort species; Cladonia 187 coniocraea (Flörke) and Cladonia ochrochlora (Flörke) were recorded as Cladonia agg.; and the 188 moss genera Brachythecium and Mnium were not separated to species. The omission of some 189 minor species could lead to potential bias in our results. However, pooled species constituted 190 only 11.8 % of the total understory vegetation sampled by cover. 191
Data analyses 192
Species abundance was evaluated as the sum of individual species percent cover in each quadrat, 193 species richness was treated as the total number of species recorded in each quadrat, and species 194 evenness was expressed as how evenly the species in the community were distributed. Species 195 evenness was calculated following Pielou (1969) Fig. 1 ). The percent cover of 252 non-vascular species increased with decay classes, peaked on decay class 4, and decreased 253 thereafter on Populus spp., Pinus banksiana and Abies balsamea substrates, whereas the percent 254 cover on Betula papyrifera and Picea spp. increased throughout the decay classes. On average, 255 the percent cover was highest on Populus spp. The percent cover of vascular plant species varied 256 significantly with decay class but not with substrate species (Table 1 ). The percent cover of non-257 vascular species on the forest floor was similar to substrates of decay class 2. Vascular plant 258 species cover was much higher on the forest floor than that on CWD of all decay classes. No 259 vascular plant species were found on decay classes 1 and 2, with the percent cover of vascular 260 plant species increasing from decay class 3 to decay class 5 on all substrate species. 261
The linear mixed effect model indicated that total species richness differed strongly with 262 decay class and substrate species without a significant interaction (Table 1 ), but the model 263 violated the normality assumption (P = 0.005). Bootstrap analysis showed that total species 264 richness increased continuously with decay class on broadleaved substrates, but peaked at decay 265 class 4 on coniferous substrates (Fig. 2) . Non-vascular species richness peaked on decay class 3 266 or 4 for all substrate species. Vascular plant species richness varied significantly only with decay 267 class (P < 0.001; Table 1), and increased from decay class 3 to decay class 5 (Fig. 2 ). Compared 268 with the forest floor, total species richness on decay classes 1 and 2 was lower, and species 269 richness of non-vascular species was higher in all decay classes except class 1, while species 270 richness of vascular plants was lower on all decay classes. Total species richness on coniferous 271
substrates was higher than that on broadleaved substrates at decay classes 3 and 4, but there wasD r a f t little difference between two substrate groups in other decay classes (Fig. 2 ). This pattern was 273 similar for non-vascular species richness (Fig. 2) . 274
Total species evenness differed significantly with decay class and substrate species with a 275 significant interaction between the two factors (Table 1) . Decay class was the main contributing 276 factor, explaining 10.2% of the variance, while the interaction explained 13.6% of the variance in 277 species evenness. Due to sparseness of species occurrence, species evenness could not be 278 evaluated on decay class 1. At decay classes 2 and 4, Pinus banksiana CWD substrate species, at 279 decay class 3, Picea spp., and at decay class 5, Abies balsamea CWD substrate species had 280 higher total species evenness than that on other CWD substrate species (Fig. 3 ). The effect of 281 decay class and substrate species on non-vascular species evenness was similar to that for total 282 species evenness (Table 1 The species composition of epixylic plant communities differed significantly among 287 stand ages, overstorey composition, decay classes and substrate species, with significant 288 interactions among these predictors (Table 2) . While main effects of these predictors accounted 289 for majority of the variations in the species composition of epixylic plant communities (as 290 indicated by partial R 2 values), significant interaction terms showed that the compositional 291 responses to one predictor were significantly dependent on the levels of other predictor(s). When 292 patterns of epixylic species composition were visualized using nonmetric multidimensional 293 scaling ordination (Fig. 4a) between. Epixylic species composition on CWD differed between broadleaf and conifer stands, 297 but there was overlap between conifer and mixedwood stands (Fig. 4a) . The NMDS ordination 298 also showed clear differentiation of the species composition among CWD decay classes, 299 substrate species and the forest floor (Fig. 4b) . Most notably, there is a distinction in species 300 composition according to decay classes: decay class 1 and 2 are grouped apart from later decay 301 classes and there are two distinct groupings of substrates: Conifer species (Pinus banksiana and 302
Picea spp.) and broadleaf species (Betula papyrifera and Populus spp.), but with Abies balsamea 303
showing species composition common to conifers and broadleaf species. On the other hand, 304 species composition on the adjacent forest floor substrates differed strongly from all CWD 305 substrates, particularly those not well decayed (Fig. 4b) . 306
Discussion 307
We found that abundance, species richness, and species evenness of epixylic vegetation 308 Sampling in the present study utilized a replicated chronosequence that allowed for the 386 representation of multiple canopy successional pathways in boreal forest (Chen and PopadioukD r a f t communities on CWD decay class and substrate species that depend on stand age and overstorey 389 composition type. Variation in epixylic plant communities with stand age and overstory 390 composition suggest different successional trajectories for different stands (Fig. 4a) . For 391 instance, many lichen species such as Xanthoria fallax, Evernia mesomorpha, Cladonia spp. and 392 mosses such as Dicranum spp., Pleurozium schreberi were predominant in young stands, 393 whereas the lichen Usnea subfloridana, and the moss species Hylocomium splendens and 394
Rhytidiadelphus triquetrus were found exclusively in older stands. Furthermore, the lichen 395 species Xanthoria fallax, Peltigera canina, and the mosses Brachythecium spp., Mnium spp., 396
Callicladium haldanianum were found exclusively in broadleaf stands, while Hypogymnia 397 physodes, Cladonia lichens and Dicranum spp., Pleurozium schreberi mosses were found 398 predominantly in conifer stands. Moreover, epixylic species composition differed with CWD 399 decay class and substrate species as well as between CWD and forest floor substrates, as found 400 
